The H.264/AVC standard achieves significantly high coding efficiency if multiple block size Motion Estimation is adopted. However, the complexity of Motion Estimation and DCT is dramatically increased as a result. In previous work we propose an early mode decision algorithm to control the complexity, based on all-zero-blocks detection in 16×16 size. In this paper, we improve the algorithm. Firstly, we propose to detect all-zero blocks in 16×16, 8×8 and 4×4 sizes to simplify the course of mode decision. Secondly, we define the thresholds which are used to terminate motion estimation and mode decision in advance for these sizes. Last, we present the whole proposed algorithm. Experiments show that about 77% encoding time and 85% motion estimation time can be saved on average, which is better than state-of-the-art approaches.
Introduction
The newest video compression standard H.264/AVC [1] significantly outperforms previous standards in terms of coding efficiency, using motion estimation (ME), discrete cosine transform (DCT), quantization (Q), inverse quantization (IQ) and inverse discrete cosine transform (IDCT). However, the computation complexity of encoding increases greatly. As a result, reducing the computation of the encoder becomes the top priority in order to decrease encoding time.
Many studies have investigated the course of ME, which occupies more than 70% of the total encoding computation. Another important issue is the cost of DCT (including Q, IQ and IDCT) [4] , which approaches 24% of total coding time. For ME, two ways are used to reduce the computation generally. One is to reduce the number of search points. Several fast search algorithms have been proposed [5] , [6] . The other way is to terminate inter ME early [9] - [11] or to predict intra-mode fastly [12] . For DCT, it is quite common that all of the DCT coefficients in a block are quantized to zeros. Therefore it is important to detect these all-zero-blocks (AZBs) early in order to skip their transformation and quantization. Some methods in this area are also proposed [7] , [8] . AZB detection aims at 4×4 subblocks. It compares the cost of sum of absolute difference (SAD) of a sub-block to a predefined threshold and decides to skip DCT or not. Since the amount of AZBs is considerable, the algorithms also reduce the encoding computation. As known, there are seven block sizes used for inter prediction in H.264/AVC as shown in Fig. 1 . According to these block sizes, every block can be classified to different modes to process ME for P slices. The proposed algorithm takes advantage of the methods of AZB detection for blocks in 16×16, 8×8 and 4×4 sizes, defines thresholds to be used to terminate ME and make mode decision (MD) in advance, and also saves the computation of DCT.
The rest of this paper is organized as follows. In Sect. 2, the course of ME is introduced, an AZB detection method for three kinds of size is analyzed, and an early motion estimation and mode decision algorithm which takes advantage of the AZB detection is proposed. The experimental results are presented in Sect. 3. Finally the conclusion is located in Sect. 4.
Proposed Algorithm
In order to reduce the compute complexity, we defined a threshold to compare with SAD of 16×16 blocks to make a decision on whether the block is AZB after DCT (including quantization) [13] . In this paper, we extended the detection to 16×16, 8×8 and 4×4 size blocks.
Motion Estimation and Mode Decision
In JVT reference software JM, ME procedure is carried out to obtain the best block matching for each block size. A cost function is evaluated for each motion vector (MV) within the search range:
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In (1) J motion (MV) is the motion cost with the motion vector MV, and S AD is the sum of absolute difference between the original and predicted blocks. λ motion is the Lagrangian multiplier and R(MV) represents the total amount of bits needed for encoding motion information. For each mode, MV is selected to minimize J motion (MV) in (1) . Next, MD is carried out to choose the best mode by means of a rate-distortion optimization (RDO) model. With the similar MV, the more parts the block is divided into, the greater R(MV) is, for every part needs several bits to store the corresponding MV. Because the block of mode SKIP and mode 1 is undivided, if the SAD of the mode SKIP and mode 1 is zero, J motion (MV) is likely to be the least in these modes. As a result, mode SKIP and mode 1 may be chosen as the best mode in mode decision.
An Improved AZB Mode Decision Algorithm
It is highly probable that the AZBs in 16×16 size will choose mode SKIP or mode 1 as the best mode [13] . However, according to the experiments mode 2 or mode 3 also may be chosen at a certain percentage. As shown in Table 1 , about 98% AZBs (in 16×16 size) will choose mode SKIP (mode 0) or mode 1. Almost all AZBs (in 16×16 size) will choose the best mode from mode SKIP, mode 1, mode 2 (16×8) and mode 3 (8×16). Other modes (mode 8 or intra modes) are hardly to be chosen. As a result, when the 16×16 blocks are detected to be AZBs, it is proposed that if the RD cost of mode SKIP is less than that of mode 1 the mode SKIP is chosen, otherwise the best mode will be chosen among mode SKIP, mode 1, mode 2 and mode 3.
Using the AZB detection results of 8×8 blocks, the ME for mode 2 and mode 3 can be simplified. When the two 8×8 blocks in a 8×16 or 16×8 block are both AZBs, the motion vector of the ME for this size could be approximately decided. As shown in (1), when S AD(MV) is small enough, there is no need to go on searching other locations with more S AD(MV) . Furthermore, in H.264/AVC the integer transform which is derived from DCT, is performed on 4×4 blocks. If the 4×4 blocks are detected to be AZBs, the computation of integer transform can be saved. Since the coding computation of integer transform is large, the saving computation is also large.
AZB Detection
In H.264/AVC, DCT is carried out on the 4×4 blocks. Sev- eral theories are proposed to detect AZBs in this size level. However, we propose to detect AZBs in 16×16, 8×8 and 4×4 sizes and base on the detection to simplify the courses of ME and DCT. In the previous work we proposed that if the 16×16 blocks are detected to be AZBs, mode SKIP or mode 1 would be chosen to be the best mode. In order to reduce the "side-effect" on PSNR and the bit-rate, mode 2 or mode 3 may also be chosen under some conditions. The AZB detection in 8×8 size blocks can also be used for ME in mode 2 and mode 3. Besides, taking advantage of the AZB detection in 4×4 size blocks, the course of integer transform is able to be skipped. In the previous work [13] , we present the algorithm to terminate MD in advance and define a threshold for all blocks in 16×16 sizes. In this paper, we develop the algorithm to simplify ME and MD for all blocks in 16×16, 8×8 and 4×4 sizes. The thresholds of all kinds of sizes are obtained as follows.
In this section, we assume S denotes the block sizes such as 16, 8 and 4. The thresholds to predict the AZB can be defined by the same way in [13] :
[u, v] is the (u, v)th component of the matrix, A is the basis vector of DCT and ρ is the correlation coefficient of the DCT. α is set to be 3.5 and ρ is set to be 0.6 following the convention.
In [13] , we assumed the coefficients of the blocks can be modeled by a Gaussian distribution [3] . According to [14] , the coefficients may be Laplacian distributed or Cauchy distributed. However, in this paper no matter what kind of distribution the coefficients are, the probability that the values would fall within (−3σ, 3σ) is much more than 99%. Therefore, the criterion for AZB prediction can be defined as (2)(3). Because the integer transform is derived from DCT, the threshold is also applicable for 4×4 blocks.
Based on the facts and analysis stated above, the improved AZB mode decision algorithm is performed as follows:
Step 1) Motion search for the 16×16 mode, if SAD is less than T H 16×16 , stop searching for this mode, set S KIP f lag = 1 and go to Step3. Otherwise, complete the search, set S KIP f lag = 0 and go to Step2.
Step 2) Perform motion search for mode 16×8, 8×16 and p8×8. For each block in 16×8 or 8×16 size, if the two 8×8 blocks are both AZBs, MV is decided and the search for this block is stopped.
Step 3) If S KIP f lag = 0 choose the best mode among all modes;
Otherwise, if the RD cost of mode SKIP is less than mode 1, choose mode SKIP; or else further perform mode 2, mode 3 and choose the best mode.
Step 4) Go to the next block. The flow chart is shown in Fig. 2 . Note that in each step, we use the threshold to predict whether every 4×4 block is AZB before DCT. If the block is AZB, the course of DCT is skipped. The computation of DCT for AZBs can be saved.
Experimental Results
The proposed algorithm was evaluated by a group of experiments. The simulation was implemented on JM13.2. Several sequences are tested, including QCIF (176×144) which are "akiyo", "news", "salesman", and CIF (352×288) which are "paris", "silent", "container". The full search mode is used and the number of the reference is set to 1. The MV search range is 16 and the MD metric is Hadamard. Quantization factor is set to be 28, and according to the lookup table in H.264/AVC, Qp in the (3) is 16.
To indicate the changes, ΔT ime, ΔMET ime, ΔPS NR and ΔBitRate are used. As shown in Table 2 , about 77% of the encoding time and about 85% of the ME time can be saved on average. We compare the proposed improved AZB mode decision algorithm under the same conditions with other mode decision algorithms (Moon [7] , Ming [9] ) and our previous proposed AZB algorithm (AZB [13] ), which all use early AZB detection to save computation of ME and DCT. As shown in Table 3 , the proposed improved AZB mode decision algorithm can save more computation.
To compare with our previous work, we drew the RD curve and rate-time saving curve of the SAD MD algo-rithm (SAD) [13] and this improved AZB MD algorithm (Improved) for various Qps (28, 32, 36, 40). The experiment is implemented on the sequence "news qcif.yuv". The adverse impact of PSNR and bit-rate is improved. The decrease of PSNR is 0.05 and the increase of bit-rate is 0.57%. As shown in Fig. 3 , the RD curve of the improved AZB algorithm is nearly the same with the original H.264/AVC JM approach. The improved algorithm can save more coding time and at the same time the increment of bit-rate is much less.
Conclusion
In this paper we extended the previous work and presented an improved AZB mode decision algorithm for H.264/AVC optimization to reduce the encoding computation. We propose to detect AZBs in all 16×16, 8×8 and 4×4 blocks, terminate motion search early and simplify the mode decision. The simulation results reveal that the proposed algorithm is effective.
